A repeated measurement design was employed in the study of acute symptoms of eye and respiratory tract irritation resulting from occupational exposure to sodium borate dusts. The symptom assessment ofthe 79 exposed and 27 unexposed subjects comprised interviews before the shift began and then at regular hourly intervals for the next six hours of the shift, four days in a row. Exposures were monitored concurrently with a personal real time aerosol monitor. Two different exposure profiles, a daily average and short term (15 minute) average, were used in the analysis. Exposure-response relations were evaluated by linking incidence rates for each symptom with categories of exposure. Acute incidence rates for nasal, eye, and throat irritation, and coughing and breathlessness were found to be associated with increased exposure levels of both exposure indices. Steeper exposureresponse slopes were seen when short term exposure concentrations were used. Results from multivariate logistic regression analysis suggest that current smokers tended to be less sensitive to the exposure to airborne sodium borate dust. There was no indication that anhydrous sodium borate was more potent than the other sodium borates in this work environment.
prismatic crystals, which are refined to produce an anhydrous state (Na,B407), or with five (Na,B4075H,O) or 10 (Na,B40710H,O) moles of hydration. There are an estimated 420 000 workers in the United States in various segments of industry who have potential occupational exposure to sodium borate dust.' The Occupational Safety and Health Administration (OSHA), in its recent updating of permissible exposure limits, places sodium borates in the category of sensory irritants.2
Whereas the irritant effects of sodium borate dusts on the respiratory tract and mucous membrane of the eye have been recognised and documented,3 the quantitative relation between increased irritant symptoms and raised dust concentrations has not been well described. In particular, the aetiological role of short term peak exposures relative to average daily exposure had never been considered. It has been speculated that the exothermic effect of hydration is the underling mechanism of sensory irritation.4 Thus it is likely that short term peak exposures would play the major part in evoking irritant symptoms.
This communication reports the results of an investigation that assessed the acute irritant effects of airborn sodium borate dusts on industrial workers. Our study also attempted to examine the relative potency of the different types of sodium borate. The investigation was carried out in a large borax mining and refining plant. The industrial process of mining and refining borax has been described in an earlier study.4
Methods

STUDY POPULATION
All employees who had direct exposure to refined sodium borate dusts and whose exposures could be adequately characterised according to type of sodium borate were selected. Of those eligible, seventy nine (92%) participated in the study. A comparison group of 27 subjects in the same plant was also identified, which included all current non-office hourly employees who had no routine exposure to sodium borate dusts (other than background). Most of them were maintenance workers. Exposed and unexposed workers were similar in demographic background and history of employment. The health outcome of primary interest was irritation of respiratory or mucous membranes, symptoms that are reversible and, hence could occur many times during a day. As a result the study design allowed for health outcomes and exposure to be directly measured on each subject throughout four, generally consecutive, days. On each of the four study days the subject was surveyed (1) by continuous monitoring for particulate exposure and (2) for health outcomes before the shift began and at hourly intervals for the next six hours. 
MEASUREMENT OF HEALTH OUTCOMES
The health outcomes studied included irritant symptoms (eye irritation, nose and throat irritation, nose bleeding, coughing, breathlessness, and sneezing) and peak expiratory flow. To document the occurrence of symptoms, a closed ended questionnaire was developed, designed to be completed within one to two minutes (available upon request to the authors). The survey instrument was pilot tested to confirm that the questions were clear and answerable. Peak expiratory flow was measured by a mini-Wright peak flow meter with the best of three efforts at each survey selected for study.
A trained field technician was assigned to accompany each subject throughout the day. The technicians administered the hourly questionnaire as well as the peak expiratory flow tests and recorded work activity and any unusual exposure events. They also assisted the industrial hygienists by seeing that the personal monitoring instruments functioned properly. Two to four subjects were tested each day, with the study covering almost an entire year.
At the preshift survey, the questionnaire covered the presence (background) of the seven irritant symptoms, the presence of a common cold, and symptoms of allergy or asthma at the time of the interview. On the subsequent hourly surveys, the questions were slightly altered to cover the development of each of the symptoms during the previous hour. At each survey the subject was also asked about the number of cigarettes smoked in the previous hour, how recently the last one was smoked, and then asked to perform three peak expiratory flow efforts using the same instrument.
After the preshift survey, each time subjects reported one of the symptoms they were asked to indicate the onset time to the closest 15 minute interval within the previous hour and the severity of the symptoms according to a 10 point scale. The 15 minute interval was selected as the best compromise between subject recall and likely time courses of the acute reversible symptoms that were surveyed. Findings on peak expiratory flow and the estimates of severity of symptoms will be the subject of separate reports.
A consequence of this study design was that the two types ofhealth outcomes were surveyed 24 times (just before the start ofwork on each ofthe four study days and then hourly for the next six hours). Subjects could report any or all of the seven symptoms at each survey, but each type of symptom could only be reported once per interview. This allowed multiple (up to six) reports of a symptom during a survey day; however, multiple reports of a specific symptom within the same hour were not possible.
As well as the seven individual symptoms, a summary category "any symptom" was created. If a subject reported that eye and nasal irritation occurred within the same hour, these events contributed only a single event to the "any symptom" category. Measuring outcomes repeatedly in the same subjects creates methodological concerns, which we have considered more generally in a separate report.5
STATISTICAL ANALYSIS
Exposure-response Incident Symptoms-An incident symptom was defined as one that met the following conditions: the same symptom (for example, nasal irritation) was not reported in consecutive interviews; or the symptom was reported in consecutive interviews, but with separate and distinct onset times. Also, symptoms reported at the preshift surveys were not treated as incident symptoms. The presence or absence of an incident symptom was determined in each of the six hours of four survey days for each subject. This resulted in up to 24 paired observations of exposure and response for each subject. At risk Intervals-For analysis of relations between daily average exposure and incidence of symptoms, the denominator for incidence rate was hours at risk. A subject was considered to be at risk of an incident symptom in a given hour unless a symptom that began previously persisted into the hour. Hours at risk were determined separately for each symptom so that a subject might be at risk for cough in a given hour even though he was not at risk for nasal irritation that had persisted from earlier in the day.
For analysis by 15 minute intervals, several other conditions were required. A subject was considered to be at risk in all 15 minute intervals except for those between the interval associated with the onset time of a specific symptom and the next hourly survey. This can be illustrated by considering an hour in which a subject reports nasal irritation to have started in the first 15 minutes of the hour. This subject would no longer be at risk for nasal irritation in the remaining three 15 minute intervals in that hour. He would, however, remain at risk for eye or throat irritation, cough, or breathlessness. As long as the subject continues to report nasal irritation at subsequent hourly surveys the intervening intervals are "not at risk", unless a subsequent onset time is reported. An incident symptom was linked with the 15 minute interval that included the reported time of onset. All other "at risk" 15 minute intervals were linked with the absence of the symptom. Exposure-response analysis (daily)-All hours (as well as 15 minute intervals) that occurred on a day with a given average daily exposure were assigned that TWA-6. In stratified analysis, categories of exposure were defined based on several current proposals for health based standards.26 The incidence rate of each irritant symptom was then estimated within each category and a linear trend test applied using the weighted least squares method in which the weight was the reciprocal of the variance of the incidence rate.
Confounding was handled by modelling incident symptoms as a function of daily average exposure (TWA-6) in a series of logistic regression analyses. A separate logistic model, including age, cigarette smoking, presence of a current cold, and dust type and dust concentration, was fitted to the data for each of the five irritant symptoms, as well as for "any symptom". For these logistic analyses each subject contributed up to four observations to each of the models, one for each person day of observation. A specific symptom was defined as present on a given day if a subject reported at least one incident on that day. Exposure-response analysis (15 minute exposure) The incidence rate for each symptom was computed as the ratio of the number of symptom episodes to the appropriate period of at risk time. The dose-response relations were evaluated by estimating the incidence rate within categories of increasing exposure levels of TWA-0-25 and then the linear trends were tested.
As the study design employed repeated measurements of health outcomes potential existed for within subject correlation of successively measured outcomes. To consider this issue, a two stage logistic regression analysis developed by Korn Table 2 summarises the demographic characteristics of the participants by exposure state. On average, the unexposed subjects were about seven years older than those in the exposed group. The group also had a higher percentage of current smokers (50% v 37%) and more pack-years of smoking (14 0 v 9 2). As there were only three women and five non-white subjects, sex and race could not be evaluated in the subsequent analysis. Table 3 presents the incidence rates of symptoms by exposure category and rate ratios by current smoking. In all symptom categories, the exposed subjects experienced higher incidence rates than the unexposed group, with the exception of eye irritation among smokers. Altogether, nasal irritation was the most frequently reported symptom, followed by cough, irritation of throat and eyes, and breathlessness. There was no nose bleeding reported and sneezing events were too few (13 episodes) to warrant a separate dose-response analysis.
It is of interest that non-smokers had greater rate ratios than current smokers in all symptom categories except breathlessness. This was true although the absolute magnitude of the incidence rates for throat irritation, cough and breathlessness were higher among smokers than the non-smokers in both exposed and unexposed groups. Figure 1 shows the incidence rates of each symptom categorised by the TWA-6 exposure. Figure 2  presents done, a strong linear dose-response trend remained for the TWA-0-25 exposure profile, whereas much of the effect from the TWA-6 disappeared. It should be pointed out, however, that the purpose of these analyses is to compare the relevance of one exposure index over the other, not to quantify the net effect of risk associated with a particular exposure index. Table 6 considers the confounding by the logistic regression analyses. Odds ratios are displayed along with their 95% confidence intervals for each symptom and "any symptom" based on a continuous measure of TWA-6 dust exposure levels. Note that the number of observations differed between the symptom models because only the person time at risk, which varied by symptom, was included in each model. Only exposed subjects were included in this analysis as characterisation of dust type was not possible for unexposed subjects. Dust concentration was significantly associated with symptom responses after adjusting for the effects of age, current-cold, smoking, and type of dust. A current cold was shown as a significant risk factor for throat irritation, cough, and breathlessness. Current cigarette smoking was negatively related to each symptom although the confidence intervals included one except "any symptom". Age over 40 was also negatively related to the reported symptoms. The model did not indicate that anhydrous borate was more potent than the other dust types after controlling for exposure and other risk factors. The interactions of exposure with these covariates were also examined, but no significant interactions were found.
To consider correlated outcomes within workers, a two stage logistic regression analysis was performed for 25 subjects who had a minimum of three symptom reports. Table 7 presents the weighted average of the three stage I parameters estimated in each of 25 separate models. This analysis suggested that there was within subject correlation of measured symptoms, as the two state Markov chain covariate was significant. The dust exposure level (TWA-0-25) was also significantly associated with the reporting of "any symptom". No day to day carryover effect was indicated.
The possible acute effects of smoking a cigarette on the irritant response was examined in the subset of frequent responders who were also current smokers. Separate logistic regression models were fitted to the data of the seven current smokers who had a minimum of three episodes of combined symptoms over surveys. Cigarette smoking in each survey hour was significantly associated with lower risk upon adjustment of short term exposure level, the Markov chain covariate, and the effect of workday.
Discussion
The irritant symptoms described in this report may reflect the responses of different target organs, but they have some common characteristics that are not present for other health related problems. They are all subjective, predominantly reversible, and likely to result from short term peak exposures.
To accommodate these features, a new approach was developed.8 A short closed ended questionnaire taking no more than two minutes to administer was conducted hourly throughout consecutive workdays. This allowed workers to report multiple episodes of acute irritation, with more accurate recall of irritant events and their onset time. A continuous real time personal air sampler permitted the examination of dose-response relations by different temporal patterns of exposure-namely, 15 minute, hourly, and daily average exposure. The findings from this study show the usefulness of this approach.
The acute irritant symptoms targeted for investigation were based on the results from earlier cross sectional studies.49"0 These studies did not have precise information on exposure, or precision on the specific timing of the symptoms. Because they were cross sectional, symptoms included the composite of prevalent and incident events. In the most detailed of Table 6 Odds ratios from logistic models for acute symptoms based on TWA-6 dust exposure in exposed subjects As with other epidemiological studies in which subjective recall of health events is elicited, biased reporting can either mask an existing dose-response relation or produce a spurious association. It is possible that the subjects overstated their symptoms simply because they were intensively monitored; however, general over-reporting of symptoms would not have produced an exposure-response relation.
It is also possible that the exposed participants were aware of their exposures and attempted to report symptoms to concur with visible dust clouds. This would be expected to lead to a good deal of error in the coordination of responses to 15 minute periods and this sort of systematic reporting bias should result in a steeper exposure-response for TWA-6 than for TWA-0-25. In our study, however, the reverse was found.
Evidence for the validity of symptom reporting was provided by the findings for the common cold in the logistic regression analysis. Current cold was not found to be associated with nasal and eye irritation. It was, however, a strong risk factor for throat irritation, cough and breathlessness, symptoms generally associated with common colds.
In the evaluation of short term peak exposures related to symptom responses, some misclassification would inevitably occur when subjects were asked to assign the onset of a reported symptom to the closest 15 minute interval. The measurement error, due to faulty memory in this case, is non-differential and would result in a bias towards the null. With the hourly measurements of symptoms, the recall error was kept to the minimum, and its presence would only mean that the observed risk of the exposure may have been underestimated. Possible misclassification in TWA-6 occurred to the extent that exposure averaged over the entire workday was paired with symptoms that occurred at any point throughout the day, including early in the morning. Again such misclassification would have been non-differential.
Another potential bias that may exist in this study is the selection bias-that is, a healthy worker effectdue to most subjects having had substantial employment experience. Consequently, the results may not be directly generalisable to short term employees.
Results suggest that both daily exposures and short term peak exposures were linearly related to symptom responses. As expected, however, daily TWA exposures were positively correlated with short term peak exposures. Thus the dose-response trends found using daily exposure may, in fact, reflect the effect of short term peak exposures or vice versa. Results from fitting logistic regression models including both exposure profiles indicate that short term peak exposures were primarily responsible for the excess of the symptom reports.
The significant correlation between repeated out-comes ofthe same worker can be interpreted either as a "tendency to report" factor which differed from person to person, or as a result ofprevious symptoms causing the subjects to be more susceptible to subsequent exposure to dust. The existence of correlated symptoms, however, would not have weakend our interpretation of routine logistic regression analysis, because multiple symptom reporting for a given day was not considered in the model. Also, stage I of the two stage models did not suggest any carry over effect of symptom responses from day to day.
Current smokers appeared to be less sensitive to the irritant effects of borax dusts. In the stratified analysis, we found that the exposed smokers had lower incidence rate ratios in all symptom categories than the exposed non-smokers. The effect ofsmoking, however, seemed to be differential. For specific symptoms in the exposed workers, the smokers had lower incidence rates for nasal and eye irritation, but higher incidence rates for cough, breathlessness and throat irritation compared with the exposed non-smokers. This pattern was less apparent in the unexposed group except for cough. Overall, however, there was a lower incidence of symptoms in this group. Clearly, smoking itself is a form of irritation. Likewise, constant exposure to smoke might reduce the sensitivity of the nervous system to irritation of mucous membranes other than the area directly exposed to smoke. Although smokers may have been exposed to lower dust exposure, this was not supported by the multivariate logistic regression analysis. Odds ratios of less than 1 were associated with smoking in all symptom categories, after controlling for the exposure and other potential risk factors.
We have shown the existence of a linear doseresponse relation between acute irritant symptoms and exposure to borax dusts with different exposure profiles. We have also shown that the short term peak exposures, rather than daily exposure levels, are likely responsible for the excess ofirritant symptoms. To date, however, many occupational irritants have had no short term exposure level (STEL) promulgated. This is largely because toxicological data are not sufficient to warrant an occupational STEL for most substances. " Even today, it is difficult to continually monitor short term exposure peaks for some airborne dusts. It is hoped that the results from this study will encourage other investigators to study the aetiological role of short term exposure levels. 
